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Technical Note No. GW 398

Pebruery, 1956

ROYAL ATRCRAFT ESTABLISHMENT , FARNBOROUGH

A Study of the Structure Weight cf Ballistic Missiles

by

N. E. Wild end H. R. Ulrich

SUMMARY

This Note, which is an extension of an earlier study, discusses the
structural weight of ballistic missiles and its influence on range.

Because of their straightforward design, only missiles with a single
propulsion stage using one, two or three rocket motors are considered. All
have separable stages for re~entry tut the following variations in the
design of the first stage are considered.

(a) most of the layouts are conical in shape, but two layouts are basically
cylindrical in shape;

(b)  take-off acceleration is varied between O and 0.5g;

(o) the weight of the re~entry stage to be carried is varied between 4,000
and 10,000 1b.

A stainless steel of high weldable strength is assumed throughout, but
the influence of steels of inferior quality is shown.

Weight breakdowns and ranges for butt-welded missiles of naminal. sheet
thickness (the seme thickness material is used for all the tank walls) are
given, and campared with those of missiles revised for overlap welding,
allowance for sheet tolerances, and motor units of an increased weight.

The penelty for including these additional weights is a 10 to 15% reduction
in range.

Three 2-motor missiles with the favoured take-off acceleration of 0.3g,
carrying heads of varying weight and with low, medium and high drag configure-
tions are singled out for a more detailed weight and range examination.
Because of the increased ease of trensportability as compared with the coni-
ol missile, two of the missiles are of cylindrical shape and of different

fineness ratios. The reductions in range, divided into weight and drag
losses, are givemn.

This study is still inoamplete, and further work will have to be carried
out covering such variables as tank fineness ratio, relative weight of tank
pressurisation system, the use of fins for stabilisation, etce The amount of
regidual propellants has also to be determined with greater confidence.
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1 °  Introduction

This Note reports the progress in assessing the likely siructure
weight and performance of medium range bellistic missiles. A preliminary
study (Ref. 1) showed that a single stage of propulsion is feasible for
the ranges considered, provided a simple thin-skinned structure could be
used for the tank section. Purther studies extending the investigation
to various sizes and shapes of missile have been made, and a summary of
the main parts is reported here. These studies fall naturally into two
_parts: ) . ) - .

(a) +the first part follows a decision to use an existing motor developed
by North American Aviation Inc. in U.S.A., and covers missiles of various
sizes powered by one, two or three of these motors.

(b) the work in (a) above leads to the conclusion that the operational
requirement could be met satisfactorily with a missile powered by two
notors operating together in a single stage, and that the acceleration at
take~off should not be less then O.3g. Further studies were then limited
to variations of designs arowund this particular type of missile leyout. .

These two parts of the investigation are discussed separately ‘bélow.‘

2 General Considerations

21 Description

The ballistic missiles considered in this Note consist of two parts,
the first stage (with motor, propellants, tenks, etc.) and the head, or
re~entry stage. The head containing the payload is separated from the
first stage after final fuel cut~off and coasts to the target. As it is
not possible to define finally the size, shape or weight of the head at
present, this Note considers only the design of the body of the first
stage suitable for a number of different head weights.

The first stage is made up of two tanks in tendem, e stsbilising
alkirt, rocket motor umits and guidance and oontrol equipment (see Fige 3)e
The front tank carries liquid oxygemn, the rear tank kercsene. Fixed to
the rear end of the tank section is the stabilising skirt shrouwding the
rocket motor units and the guidance eamd control assembliese In some of
the missiles described in detail later on the guidance equipment is housed
in a special guidance chamber situated at the front end of the tank section
(see Pige 7« The weight of the guildance equipment is estimated to be
500 1b, and assumed constant over the whole range of missiles investigated.
Ths weight of the conirol gear depends on the mmber of motors, and is-
estimated to be 400 1b, 600 1b and 800 1b for one, two and three motors.
Por the first part of this study the dry weight pexr motor umit has been
taken as 1,260 1b, but as infarmation received in the course of this
investigation indicates an increase in weight, 1,860 1b has been assumed
for the later designs.

To keep the weight of the first stage low, a tank made up of a
single skin has been adopted; this skin thickness being kept constant for
all the tank walls of a given missiles To enable this structure to support
the hesd, oxidant, fuel, etc. both tanks are pressurised to 4O 1b/sq in.
This pressure not only stabilizes the tank shell but in oconjunction with
the inertia head of the fuel provides the necessary pressure at the pump
inletss The effect of changing this pressure has not yet been investigated
fully. It has been assumed that the motor thrust ocan be reduced towards
the end of the flight so that the accaleration of the missile does not
exceed 10g. '

-h_—o
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2.2 Sheet Materiel for the First Stage

Any material considered as skin for the tanks has to satisfy three
main requirements

(i)_ small loss of-_strength 8t ele,vated tanparatures;
(11) good weldebility (riveted tanks are not considered practical);

(iii) good corrosion resistance, so as to achieve very long life on
operational sites.

It has been estimabed that duriug ascent on a part:.cular trajectov'y
the gkin temperature 6f the tanks will very likely rise to about 300°C,
this temperature the use of aluminium alloys is not practicable. A f‘urther
reason for their exclusion is the difficulty with Joints either due to
doubtful welding properties of the high strength alloys or the doubtful
rroperties of adhesive under the envirormental conditions irvolved. Stain-
less steel sheeting was chosen for the tanks. section .of all missiles as it
is the material nearest to fulfilling all the three requirements mentioned.
whilst still being relatively mexpecnsive and availeble.

Certain high strength titenium alloys are at present being investi-
gated, and, because of their high strength/weight ratios, may prove to ‘be
a weight saving alternative, when they are available.

243 Stress Assum;g‘bmns

An as yet unspecified stainless steel of an ultimate tensile strength
of 65 tons/sq in. (based ¢n the plain sheet thickness) in the Joints after
welding has been assumed for the tanks. The stress caloulations were based
on a safety factor of 1,5 on the ultimate, allowing a maximum design stress
of 43 tons/sq in. The actual thickness of the sheet has been taken to be
the nearest gauge above the calculated value. For reasons of easier
oonstruction and handling no sheets thinner than 0.052 in. have been used.

Butt-welded Joints, and nommal gheet thickness were assumecI for the
first set of missiles ’ representing -the llghtest deslgn possi'ble.

Later tank structures were mo.de of steel sheets Joined by welded over=
laps. A mean tolerance of 0,003 ine. has also been ad.ded to their nominal
thickness, which is constant for a biven ta.nL. e

The tanks have been streseed for hOOp strength only, 'tald.ng skin
stabilizing Tressure and fuel inertia loed into accounts The lateral forces
imposed will depend on the trajectory chosem, on the guidance system, end
on the lateral winds. 'The ad.d.it:.onal stresses due to the expected order
of lateral accelérations i.es sbout g initially end building up to about
2g as the tanks empty, are quite small compared with the longitudinal
stresses due to pressurisation; this conclusion will need much more careful
checking vhen the effects of reduced pressurisation are exomined.

Front, partition and base closures are elliptically shoped domes of
an axis ratio 2:1. They were stressed by using the general formula for
hollow spheres subjected to intermal pressure oorrected by a factor to
allow for the axis ratioe.

For 211 missiles considered the position of maximum stress is in the

ocuter tank wall at the base of the ligquid oxygen tank; this mainly arises
from the use of constant gauge sheets for the whole of the tark walls. -
- 5=
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Failure to limit the maximum acceleration to 10g is umlikely to inorease
the stress at this point significantly and is unlikely to cause more severe
stresses elsewhere within the possible range.

5 stabilizing skirt can be riveted, and an aluminium alloy of 17
ton in.¢ was found suitable. Though actual caloulations have not been
made of the temperature sustained by this skirt, it is expected to be below
that at whioch severe loss of strength of the alunﬂ.nimn alloy ooours, both
dus to the high heat ocapacity of the thick alléy skin and the position of
the skirt being far back along the body; the expected temperature and
stressing of this section will need more carsful checking in the final ,
designs when the angle of the skirt and other parsmeters are mors accurately
kmown.

3 Survey of Missiles with One, Two or Three Engineg

361 Original Esbimates with High Grade Steel Sheet and Light Construction

The ‘results described in this paragraph represent a direct extention
of the work reported in Ref. 1 to a wider range of missile designs, but all
using a given N.A.A. engine of 132,000 1b thrust (the S. 3) The parameters
of the various designs were as follows. o

(a) The first stages of all the mss:les were. conioal, with a atabillzing
gkirt in the reéar achiéving something like neutral statlc stability for a
mean condition of flight.

(b) The base dmmoter of the head or re~entry stage was taken as 6 feet.
(o) The head or re-entry stage weight was varied hetween 4000 and 10,009 Ib. .

(d) The thrust-weight ratioc at take~off was varied between 1.0 and 1.5,
i.e. initial accelerations varied from zero to 0.5g.

(¢) . The designs were all based on the N.A.A. engine (the S.3) giving an
assumed value of thrust at that time of 132,000 1b with a total specifio
impulse of 245 seconds (including turbine losses), using liquid oxygen and
kerosene as the propellants. The dry weight of the motor was assumed to
be 1,260 1bk. One, two or three of these engines were used in the various
designs, the ranges covered 'being as below:

) ‘ Ini t thﬁ
No.;. of llotors idal

we ratio ' Head weight
L | 1.0 - 5,000 1b
102 ; 5,000 1b
145 5,000 1b
1e2 7,000 1b
2 1ot ‘ 7,000 1b
102 7,000 Ib
3 | 140 A 7,000 1b
12 __— 7,000 1b
"1.5 N © 7,000 1b
-6 -
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3e11 Struotural Weight Estimatea

For all these designs the lightest form of welded tank oonstruction
was used, employing butt-welded sheets.

A selection of the results of the weight assessment of these designs
is given im Table I, and all results are summarised in Fige 1 and 2,
together with a few designs outside this saries. An examination of these
results show that the weight of the structure is determined principally by
its size, and that the initial acceleration and the head weight have rela-
tively little effeocte The weight of the main components is plotted against
tank capacdty in Fig. 1, showing that moat of the weight is in the tank
itselfs Ths scatter of the points is largely caused by using nominal sheet
thicknesses. The smooth curve is oconsidered sat:.sfactory for this survey,
ignoring the fact that the weight will increase in ateps; if standa.rd
gauges of metal are used.

In Fig. 2 the weights are expressed as a proportion of the té:ﬂc
oontem:s. It is seen that this proportion is fairly oonstant being about
2% per cenb of the wedght of structure plus propellants. For the smaller
missiles this figure is somewhat higher as is to be expected on dimensional
groundse Fige 2 was used to estimate the weights of missiles intermediate
to those examined in detail when deriving the performance plots discussed
in the next paragraphe From these performance curves 0.3g was chogen as '
the most fawoured take—off acceleration. Further studies ware then made
at this figure for one, two and three moturs with a head of 7,000 lbe The
dimensions of these new missiles are shown in Fige 3 and their weight
Treakdown givem in Table IIe The resulis agree very well wiith the original
interpolation from Fige 2, the structure weight factors s %, being 0.,0255,
00243 and O.0237,

3412 Comparative Range Egtimation

Using the structure weight debermined as desoribed in para. 311 the
range performance of tlie various missiles has been evaluated making the
following assunptions about the tralectory:

(a) The missile climbs vertically to 1,000 feete

(b) At 1,000 feet the missile makes an instantaneous turn, and there
after ma:mta:ms omstant attitude. This constant attitude was chosen so
that the angle of the flight path at final fuel cut-off is that giving
maximum range, This angle and the range corresponding to the final
velocity were taken from Ref. 2.

(¢) The constant attitude flight was maintained with full thrust until
the acceleration resached 10g, thereafter the same attitude was maintained
and the thrust progressively reduced keeping the acocelaration at 10g until
fuel was cut off.

(@) At the yoint when fuel was out off it was assumed that, due to unusable
fuel in pipes, motors, etc. and with an allowence for mixture control in~
acouracies, a total of 1 per cent. of the propellant weight at teke-off
remained in the missile.

(e) A mean specific impulse was evaluated and used over each part of the
trajectory.

(£) A redustion of 2 per cent was made in the nominal specific impulse
to allow for the effect of ar this figure corresponds to a missile of
low drag, le.ee with a mean Soﬁmo of about 10~k sq £t/1b.

-7-
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Checks between ranges calculated by this simple approach and those
obtained from the more acourate methods of Ref. 3 demonstrated that the
simple method was giving reasonsbly accurate results; the comparisons
made between various missiles using the simple method should be more
acourate. No acoount hag been taken of a belief that the optimum
trajectory will chenge for varying values of take~off acceleration. It
is not thought worthwhile to tackle this aspect more rigorously until the
final leyout”of the Blue Streak is settled together with the shape of the
re-entry stage thus allowing a more accurate estimate of the missile drag
and Weig,ht, ‘

The plots or' Figs 4 show the comperative ranges of one, two and three
engined missiles with varying re~entry stage weight and teke-off accelera~
tion; it is obvious that the effect of variation in weights of the missile
body, such as increased structure, emgine, residusl fuel or equipment
weights from tliose assumed or calculated in this Note can be found by adding
these changes in weight to the nominal re~entry stage weight and cbserving

the corresponding change in range. .

The curves of Fig. L suggest that the maximum range will be achieved
when the take-off acceleration is as low as O.1g, but that very little loss
in range arises from an increase in the take-off acceleration up to 0.3g.
It is considered that the initial design must be based on a figure with
nominally too high an aocceleration so that adverse changes in A.U.W. during
design move the take~off acceleration towards the optimum rather than
towsrds zero take-off acceleration. Studies of the aerodynamic and oontrol
problems aiso influence the choice of take-off acceleration. With a low
acceleration the peak aerodynamic pressure is lower, reducing the de-
stabilizing moiments and easing the control problem, and, in addition, the
aerodynamic heating during the ascent will be lower. It is also considered
that control during the initial laumch will be more difficult, and inter-
ference with swrrounding launching structure more likely if too low an
acceleration is selected. A figure of O.3g has, therefore, been assumed
as the practical figure for design study purposes.

3¢2 The Effect of Stesl Sheet with Reduced Stremgth on the Missile Rg}g‘ G}

The designs described above have all used & high tensile steel for
the structure of the tanks. An ultimate temsile sirength of 65 tons/sq in.
has been assumed for design purposes. The effect of using lower stremgth
steels was evaluated, to determine the importance of this factor. The
three designs of Fige 3 (and Table II) were re-assessed using a mmber of
different qualities of steel down to am UsT.S. of 35 tons/sq in., and the
corresponding performance interpolated from Fige 4e

The results, in Fige 5, show the loss in range which is to be
expected from the use of lower quality steels for the tank structure. It
is seen that the quality of material is more criticel ab the longer ranges
than at the shorter ranges. Thus with one motor a change from 65 tons/sq in.
to L5 tons/sq in. for the U.T.S. of the material reduces the range by about
110 miles, or 8 per cents The three motor version with a range of 2,600
miles will lose nearly 300 miles of range (nearly 12 per oe:'t:g .

343 Revised Structure Weights Including the Effect of Overlapping Joints
and Tolerances

Following the results of the original investigation reported in
pera. 3.1 and para. 3.2 a new study was made of structures using a less ideal
tank as regards jointing and sheet tolerance. The opportunity was also
teken to inoclude a few corrections as, for instance, a revised, more pessi-
mistic figure for motor weight. The tanks of the first stage treated in

—8-
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the previous section were constructed of butt-~welded steel sheets of nominal

- gauge thiokness. Fusion welded butt joints of high strength stainless

gteels are in general of somewhat poor efficiency and may not come up to
the required 65 tons/sq in. As an elternative, resistence welded lap and
butt-strap Joints were considered, having ome or two seam welds to keep
the vessel pressure-tight, snd an arrangement of staggered spot welds to
take the ciroumferential and longitudinal tension forces. The sheets over-
lap by 3 inches in oircumferential direction, end were Joined longitudinally
by butt-straps 6 inches wide. According to standard specifications stain-
leass steel sheets are sllowed a unilateral tolerance of +0.005 in. A meen
tolerance of +0.003 in. was, therefore, included in the waight of the
structure. There may be ro need to accept such large percentage tolerances
on the sheets if sgpecial a.rrangements are ma.da.

A further weight increase of about 600 1b has been notified for the
rocket motors above that reported in Ref. 4, bringing the dry weight per
motor wmit up to 1,860 1b*.

Table III shows the increase of weight for three different one~motor
missiles and two different two-motor missiles due to overlaps, tolerances
and heavier motors. Overlapping increases the total. strmicture weight of
the first stage by about 8 par cent, sheet tolerance by 5 to 6 pér cent.

The revised ranges resulting from these changes are shown in Fig. 6
for one and two-motor missiles. They were estimated from the ranges given
in Fige 'L by using a correction factor based on the percentage change of
the ratio propellant weight to first stage weight3.

Comparing Fige 4 end 6 shows that the heavier structures and motors
cause a loss of range varying from 10 to 15 per cemt.

4 Study of Three Particular Designs

As a result of the previous studies (pars. 3) it was evident that
the operational requirement for the range to be greater than 2,000 n. miles
should be met with a missile having two motors only. The weight of the
head was still undecided, the most pessimistic f:.gure being 7,000 1b, the
optinistioc one 14,000 1b.

Further studies, therefore, concentrated on such a missile carrying
heads of meximum and minimm weight. Different shapes of misaile were
included = conical, cylindrical with different fineness ratios, etc. - and
the investigation covered the design in rather more details Cylindrical
missiles rpresent an easier transportaticn problem than the conical missiles
with their wide bases and may be somewhat easier to construct. These
studies are still incomplete but three particulear missiles are described
belows They are provided with gkirts to give roughly neutral stability
although it has been shown in the meantime that skirts are probably
mefflcient on cylindrical missiles and fins are preferred.

The take-off acceleration was chosen at O.35g (see para. 3)
The following three designs have been investigated:
(a) A conicel first stage carrying a low drag head of 7,000 1b weight.

(b) A cylindriocal first stage of 10 feet diameter carrying a high drag
head of 7,000 1b weight.

* Since this Note was written it has been learned that this figure
includes a thrust mount and bearing, items which have been allowed for
separately. Elimination of this duplication will reduce the missile weight
by about 400 1b. The performence figures will still apply if this is
treated as additional residual fuel.

~9~
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(o) A oylindrical first stage of 9 feet dianeter caming & medium drag
head of 4,100 b we:l.ght.

The 'basic design was the same 08 those of the earlier missiles » e
tenks of stainless steel of 65 tons/sq in. ultimate strength after welding,
a safety. factor of 1.5 to the ultimate, and 40 1b/sq in. pressurisation.

Wéighf increases resulﬂng from a ‘mez‘,m‘ sheet tolerance of 0,003 in.
and from overlap joints were included; so were some additional minor
details such as cable ducts, anti-swirl baffles, eta.

. 'The missiles are shown in FMig. 7, thej.r Weight breakdown is givm
in Table IV. ‘

The follow:ing is a short descr:.pt:.on of the missiles with anphasis
on their differences.

4e1 The Conical Missile (Fig. 74)

The principal features agree with the con:,oal missiles treated so
far, except for the positioning of the guidance equipment which was moved
from the stabilizing skirt to a special chamber ahiead of the tanke This
was considered to be desirsble in order to keep this equipment away from
the vibrations of the rocket motors and to make it more accessible to
servicing without interfereace from the engine compartment. In this
partlcular design the guidance chanber was asgumed:to be pressurised to
20 1b/sq in., sufficient to support the inertia load of the head.

As on the previous missiles the motor thrust was ta.ken up by a set
of intersecting beams, forming a web construction inside the base tank
domees The web constmotion was welded to a strong ring supporting the
tank walle.

42 The Cylindrioal Missile (Fig. 73 and C).

In these two deslgn.s the guidance cham'ber was no‘b pressurlsed. ‘I‘he
missile wall, extending along the length of the guidance chamber, was
stabilized by a deeply corrugated light alloy stiffening structure.

An improved motor support has been designed consisting of one
mdependent tripod for each motor, made of tubular steel, end bolted to a
strong ring of tank diesmeter size. -A short stabilized extens:wn of the
tank wall takes the thrust to the tanks. :

The stabilizing skirt of 6oxrugated aluminium alloy was bolted to
the strong ring so as to be detachable for transport.

he3 Weight Comparison

The total structure weight of the conioal miss:le is 5,638 1b. This
is 367 1b or 7 per cent more than the structure weight of a similar missile
of paragraph 3, end Table III. The weight addition is made up of guidance
chamber, cable duct, etc., minus a reduction in tank weight due to a smaller
fuel volume.

It is not possible to give a straightforward oauparison of weight
inerease for the two cylindrical missiles as no missiles of this configura=—
tion have been estimated before. Their guidance chambers are about double
the weight of the guidance chamber of the conical missile because their
diameters are bigger and thuy are mechanically stabilized., It can be
assumed that the weight penalty for the separate, unmessurised guidance
chamber above is between 8 and 10 per cent.
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Comparing the two cylindrical missiles (Table IV B and C) ome notes
that in spite of the differemt tank diameters and fineneéss ratios, their
total structure weights differ by less than one per ocent: It should be
noted that because of the lighter head the 9 foot diameter missile has a
larger tank and carries more propellsnt than the 10 f'oot missileo

The total structure weight of the oconical missile is roughly ) per
cent higher than the total astructure weight of the cylindrical missile,
which is mainly due to the oonical tahk a.nd to the larger diemeter of the
skirts

The structure weight factor < of Fige 2 has gone up from 0.02), for
a butt-welded two-motor missile of O.3g initial acceleration and 7,000 1b .
head weight, to about 0,029 for the same type of missile but mcluding
overlaps » tolerances, separate guidance chamber, etc., thereby reducing

the weight efficiency by about 20 per cent.

Le), Range Estimations

To obtain a more acourate assessment of the ‘inf'ld.uehce of drag on
missile range, & step by step caloulation has been applied for the powered
part of the missile ‘tra,jectogy consisting of:

(a) =a vertiocal olimb of 20 seconds dm'ation, then

(b) a constent rate of tum of the missiie, chosen so -as'to keep the |
angle of incidemoe small, then ‘

(c) along a constant thrust angle until reach:.ng an acceleratlon of
10g; then

(@) at a constant accéleration of 10g until cut~off point, with 1 per
cent residusl propellantse.

After cut-off the missile séparates and the head coasts along a
ballistic trajectory until it reaches the targets.

The caloulated ranges sre:
(a) Conical Low Drag Missile

With a head weight of 7,000 1b the range is 1,840 ne miles. Compered
with a missile of similar design but revised structure weight as desoribed
in paragraph 3¢/ (Fige 6 end Table III) the loss of renge is 90 n. miles;
about 45 per cent of this is due to inorease in structuwre woight, and about
55 per cent to :lncrease in drege

(b)  Cylindrical High Dra,gLMiss:Lle (10 feet diameter)

With a head weight of 7,000 1b the range is 1,720 n. miles. Compared
with the seme missile of paragraph 3e4; the loss of range is 210 n. milea,
whereof approximately 7 per cent is due to highe:r weight and 53 per cent
to higher drage

(¢) Cylindrical Medium Dreg Missile (9 feet diameter)

With a head weight of 4,100 1b the range is 2,170 ne miles. Compared
with the oorresponding missile of paragraph Jel, can-ying a 4,100 1b lead,
the reduction in renge is 140 ne miless No comparable weight figures of
previous design for a missile of this head weight are avallable, therefore,
an actual ratio of range losses tirough weight and drag cammot be given, but
it osn safely be assumed that the lerpger part oftharedmtion in range 1s
due to incroase of drag.

= 4] e
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It will be seen that the oylindriosl missiles with dPlunt nose oones
have very high drag which acoounts for a serious loss of range. The re~
entry stage iz not expected to exceed 5 feet in diemeter so that the
guidance chamber and the top part of the tank can be tapered at a low
angle to reduce the drage These cone-oylinder bodies are being investi~
gated with a view to establishing the best compromise between drag and
structure weight.

5 Conoclusions

It is diffioult to pick out direct comparisons from e study of this
nature where considerations other than structural design have altered the
field of investigation ss it progresseds Some general points emerge
although further work needs $0 be done on many variabless ‘

(a) These studies have confirmed us in our opinion that it is feasible
to make a structure which weighs less thun 3 per cent of the all-up-weight.

(b) The importence of the effect of structural weight changes on range
performence is stressed, though it should be remembered that the weights
of all other components carried to fuel cut-off are Just as important in
this respect,

As an illustration, on a typical two~motored missile a 7 per cent
inorease in the dry weight of the first stage (about 700-800 1b § ‘causes
about 100 nautical mile loss in ranges

() The effect of including sheet tolerance in the stmc‘bural weigh'b
is appreciable, 0,001 inch on the mean thickness of the steel sheets is
equivalent to & per cent decrease in ranges This point alsgo infers that
it is desirable to make sheets of exact sizes to avoid overweight due to
standard gauges.

(@) A1l the designs are made for constant gauge material in the tank
sect:.on, and the stress is only critical at one point; there is clearly
a saving tb be made by tapering the sheet thickness to take the local
loading condltn.ons, but the extent of this is not eva.luated in this Note.

(e) The lightest tahk structure considered is made of high tensile

. materiel with simple butt-Joints. Overlapping joints are estimated to
" increase the weight of a typical tank structure by about 8 per cent,
equivalent to a loss in range of roughly 2.5 per cent.

(f) The performance curves indicate that, using a given motor and a
specified re~entry head, a low initial a.cceleratlon gives longer ranges
The maximum range occurs when this take~off acceleration is about Osig;
this was felt to be undesirably low on other grounds and an arbitrary
figure of Os3g was taken as the practical minimume

(8) Cylindrical missiles have much the same structural weight as oonical
ones and have similar performences (it should be noted that cylindrical
mizssiles are at present favoured by reason of easier transportability and
to some extent easier menufacture).

(h) The high drag shapes of the gylindrical missiles oonsidered, with
their blunt nose cone angles to accommodate the high drmng type of re-entry
head, are causing considereble drag losses, up to 190 n. miles in range.
It is clearly desirable to make the lowest drag shape to take the re-entxy
head (which should not exceed 5 feet in diameter) without adversely
affecting the structural weight.

- 12~
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In oonolus:.on the studies have shown that even with mmr-s pessimistic
agssumptions than before, and certainly more pessimistic tham nepessary in
some respects, a missile powered with two NeAeAs Se3 motor=—s (now quoted at
135,000 1b thrust) and with a head or re-entry stage weigu:itof aboat 4,000
1b, should have a range of about 2,200 nauvical miless

6  Further Work
Design studies are continuing; of particular intere-imre:
(a) The use of fins instead of a skirt for stabilizing tkhy missile.
Recent aerodynamic studies suggest that fins are more effioc;mt than a skirt
on a cylindrical missile.

(b) The study of cylindrical missiles of larger diz_ameterm. The present

- 1imit of 10 feet was set on grounds of transportation, and it= is desired

to examine briefly the parformemce of larger dismeter miss—ile-z, It is
expected that the drag of such larger diameter missiles willl “be a serious
obstacles

(c) The reauction of the drag of cylindrical missiles by s sping of the
front end, for example, by tapering the guidance chamber amdmart of the
upper tanke

(@) The possi'bility of reducing the tank stabilizing pre=um-e. Recent

information shows that the turbo pumps can operate satisfecotoxrily at lower
pressures than were originally comsidered. At lower presstiaess, the bending
moments on the missile will have greater importance. Thesemb.ending moments

-will depend on the trajectory and on the control gystem enliwed. A clearer

picture of the position here is being sought.
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TABIE II

Yoight Brealdowns for Conical Missiles with 0.jg
' i Initisl Acceleration

t

i

Tank pressurisation 10 p.s. 1,
. U,T.8, after mlding Steel 65 tons/sq In,

Sheets butt jJointed, No ovérlaps '

Nomiral thiokness of material ! ¥ (rtveted) Light Alloy 17 tons/sq in,
E (
' t
Missile . A B / [ 4
MNumber of ’
Main Motors 01 2 3
ins () b ins 1b b | ins 1b 1b
Tanks i K .
Wall 0,032 %8 0.0l0 1810 0,048 2866
Front dome 0,0 | 38 0,03 58 0.03 58
partition dome 0,032 104 0,032 197 -0.032 200
Base dome 0,036  1lg 0,056 Iy 0,064 782
Wabs ‘ A7 ks 888
Strong ring 92 26 x2
Formers 0.03 120 0.03% 233 0,036 310
Joint rings ' 0 75 80
Pipes 13 168 188
© 1818 312 5754
Bkirt !
THall 0,064 2 0,064 109 0,06 565
Fomers 0,030 s 0,08 68 0,080 106
Motor support 120 : 2lp 360
Fixings 120 - ' 135 10
. i * 505 852 1181
TOTAL STRUCTURE WEIGHT | 2353 L6k 6935 | -
1
Main motors ; 1260 2520 7%
Auxiliary motors 100 200 . X0
Guidance -0 00 <0
Control , : 1po 600 800
‘ 260 3820 5300 |
Liquid oxygen 6oL> 126062 191722
Kerosene 291195 61531 93578
8995 187593 265300
IRST STAGE , 94538 196077 297615
Head . 7000 000 7000
A LW, 1 101538 2377 Dls15
Consumable fuel F 3026 185717 28247
Cut-otf weight 12512 17360 22168
T 0.0255 0.0243 0.0237
g 0.0942 0,0047 0,99
c = Welght of Strusture .
Welght of Fuel + Struoture Missile shapes and sizes are
shomn in Fig. 3
£ - Weight of Consumable Fuel .
Total Weight of First Stage Light Alloy
- 4 6 -
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' ’ ]
11% allowamse for sheet overlaps . U.Ts8. of steel (after welding) €5 tons/sq in,
«0.003" mean toleranse Allowed cn matertal thickness T pressurisation l0 psl U o0y oy (riveted) 17 tons/eq in,
T Missiie Type " A Conieal B_ 10 ft dian, Gylindrfoal . € 9 ft diem, Cylindribal
‘ i ins 1b Ib | ins 1b T ) ins 1b. m
Guidense Chamber ) {
wall 0.0l0 by 0,036 301 0.032 228
¥ 4#Stiffening - ' 0,048 194 0,018 183 i
Rings 27 ‘ 63 61 i
Separation gear 100 ‘ 100 100 i
Fixings —D 318 . 708 — ﬁfﬁ
Tanks ) , :
Wall ) 0,000 2189 . 0.0% 1984 0,032 2069 !
Front done 0,032 0 10,082 195 0,03 159 ‘
" partition dome 0,032 238 0,032 195 0,03 159 o i
Base dome: 0,056 552 0,00 2lp , 0,040 195 A
4 vebs - ko2 - . N -
4 Strong ring 269 ‘ - = -
Welding ring e ' 36 22
Formers 0,032 226 0,032 214 ‘ 0,032 269 ;
Anti~swiri bafrfles 50 128 " 2910 o 2913
Pipes *’
Liquid oxygen feed 168 258 333 s
Kerosene feed 5 6 6
Liquid oxygen pressurising 21 20 26
Kerosene pressurising 7 , 10 . il ’
Pixing " %, e — 3 —B - >
Eleotric Cable Dust ‘ N
Channel 25 23 35 :
‘Clips, overlaps, ote, 1, b 10 3 4 iz by
Motor Support i '
Wall extension - 109 106
Stiftehing - 135 115
Thrust ring - 197 120
Framework 100 286 x0
Thrust pivot plates b5 , b5 L5 -
Astuator mounting o) . : ) 20 ,
Pixings 100 . 295 {00 ‘ 922 J00 8,? .
sxgn . ’ -
« B 0,064 kes 0,064 7 0,06l o
Formers 0,080 I 0.080 62 0,080 62
Fixings — 55 601 D 59 0 55
| T0T4L STRUCTURE WEIGHT ‘ 5638 Sk 5lps
M0 motors 3120 3120 . 3720
Auxiliary motors 200 200 200
Guidenoe 50 . 500 00 o
Control 0 - 20 €00 5020 60 5020
Liquid oxygen 124602 124731 ! 126707
- Kerosens 60817 _608%, 61845 '
( 185419 185611 1883
04 FIRST STAGE 196077 - 196077 : 198977
Head - 2200 7000 Lo
AUH, 20377 20277 - o»™7 )
Constmable fuel ‘ 183565 165755 | 186566
Cut~oft weight 19512 ) 19322 16441
T 0,0205 ) 040285 0,0279
g N 0,936 0,937 0,938
T {1 .
- ——Mm_ - .‘ el j
¥ Welght of Fuel + Struoture £ Total Weight of First Stage S
* Lignt Aloy

o

¥# No stiffening requitred for oonical missile as ohamber assused to be [ressurised

# Wabs and strong ring Although inoluded in tank struoture,
are main Somponents of motor support on °°“t1‘a°’1 missile Missile shapes and 5ives are shom In rig, 7
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